We present AdS black hole solutions in four-dimensional N = 2 gauged supergravity with the universal hypermultiplet. Here the axion field in this multiplet is dualized to a two-form field. This system is derived from ten-dimensional massive type IIA theory compactified on nearly-Kähler manifold in the presence of geometric fluxes and RR-fluxes. In this work we focus on the simplest coset space G 2 /SU (3). Imposing the covariantly constant condition on all scalar fields, we obtain AdS black hole solutions with vanishing electromagnetic charges and arbitrary mass parameter.
Introduction
Flux compactification is requisite to understand low energy effective theories of ten-dimensional theory [1] [2] [3] [4] [5] . Calabi-Yau compactification in type II theory yields four-dimensional N = 2 ungauged supergravity. In this case no scalar potential is involved. When NSNS three-form flux and RR-fluxes together with non-constant dilaton are turned on in the Calabi-Yau compactification, non-trivial values of such the fields break the equations of motion in the original ten-dimensional physics. Hence the modification from Calabi-Yau geometry caused by fluxes has to be considered to derive a genuine effective theory of the ten-dimensional theory.
There are three types of N = 2 gauged supergravities via the flux compactifications [4, 5] : If there are only the electric flux charge parameters, the standard gauged supergravity [6] emerges. Once the magnetic RR-flux charge parameters and/or the Romans' mass are involved, the axion field of the universal hypermultiplet is dualized to the B-field [7] . If the magnetic NSNS-flux charge parameters are also incorporated, a gauged supergravity with a number of tensor fields [8] is derived. All of the three types with cubic prepotentials via the flux compactifications are studied in [9] .
It is of quite interest to explore black hole solutions in the N = 2 gauged supergravities. Supersymmetric extremal charged AdS black hole solutions with naked singularities [11] [12] [13] [14] or with regular event horizons [15] [16] [17] have been well investigated. There are also developments in the absence of supersymmetry in AdS black hole solutions. A typical work is [18] , where the FayetIliopoulos parameters play an important role in the analysis of the AdS black holes. The solutions depend on the symplectic frames. Notice that both in supersymmetric or in non-supersymmetric cases, AdS black hole solutions with hypermultiplets have not been involved. On the other hand, in the asymptotically flat case, supersymmetric black hole solution with the universal hypermultiplet is studied [19] . After the Higgs mechanism the system is akin to ungauged supergravity descended from Calabi-Yau compactification with D-branes (see [20] [21] [22] [23] and a lecture note [24] ). However, the gauging necessitates a linear coupling. This is not realized in the flux compactifications [5, 25] . Gauging the Heisenberg algebra of the hypermultiplets [26, 27] is suitable for flux compactifications.
Due to the above story, it is quite intriguing to discover an AdS black hole solution with hypermultiplets, irrespective of preserving supersymmetry, in the framework of flux compactifications. Here let us introduce the structure of this paper: In section 2 we briefly exhibit N = 2 abelian gauged supergravity with B-field derived from the compactification on the coset space G 2 /SU (3) [28, 29] . It is known that the four-dimensional N = 2 system involves only one vector multiplet and the universal hypermultiplet where the axion field in the hypermultiplet is dualized to the B-field [29] . In section 3 we analyze black hole solutions in asymptotically AdS spacetime. In order to reduce complicated interactions we impose the covariantly constant condition on all the scalar fields. Introducing the static metric ansatz we find AdS black hole solutions. There we prove that all the electromagnetic charges of the black hole have to vanish caused by the covariantly constant condition. It turns out that the black hole mass parameter is independent of the expectation values of any scalar fields. We also argue that the solution is always non-supersymmetric. In section 4 we summarize our results and draw our considerations. In appendix A we exhibit the convention and the ingredients in the compactification on the coset space G 2 /SU (3).
Gauged supergravity with B-field
In this section we briefly exhibit the feature of N = 2 abelian gauged supergravity with B-field derived from massive type IIA compactification on the nearly-Kähler coset space G 2 /SU (3). The derivations can be seen in [5, 9] (see minor differences of the convention in appendix A).
Profile of the coset space G 2 /SU(3)
First of all let us consider the gauged supergravity whose constituents are one vector multiplet and the universal hypermultiplet associated with the type IIA compactification on G 2 /SU (3) [29] . In this compactification, the moduli space of the vector multiplet is given by SU (1, 1)/U (1). Then the index of the vector fields A Λ runs only Λ = 0, 1. On the other hand, the space of the hypermultiplets is given by SU (2, 1)/U (2). This is expanded only in terms of the scalar fields of the universal hypermultiplet. The following flux charge parameters involves the profile of this compactification:
whilst other flux charges are zero. Indeed m 0 R is interpreted as the Romans' mass parameter. The value I denotes the volume of the coset space. Notice that the non-vanishing m 0 R makes the axion field a in the universal hypermultiplet be dualized to the B-field [5, 7] . The moduli space of the vector multiplet, the Hodge-Kähler geometry, is governed by the cubic prepotential F(X):
In terms of the local coordinates t ≡ X 1 /X 0 , we describe the Kähler potential K V :
Lagrangian and the equations of motion
The Lagrangian associated with the type IIA theory on the coset space G 2 /SU (3) [29] is
where the functions µ ΛΣ (t, t) and ν ΛΣ (t, t) are given in (A.1). g tt is the Kähler metric defined by (2.2b). The scalar potential V and the covariant derivatives are given as
where the triplet of the Killing prepotentials P a [9] are explicitly described as
Due to the absence of the flux charges e Λ 0 , the covariant derivative Dξ 0 is reduced to the ordinary derivative [5] . Notice that the gauge field strength is defined as F Λ = dA Λ + m Λ R B rather than dA Λ . Owing to this, the action (2.3) has an additional local symmetry involving the B-field such as δB = dβ, where the β also appears in the variation δA Λ = −m Λ R β with being left the field strength invariant. The scalar field ξ 0 does not contribute to the scalar potential. The equations of motion in the system (2.3) are given as
The field strength of the B-field is given as
It is worth introducing a dual tensor of the gauge field strength F Λ µν in order to define electromagnetic charges [5] :
The Hodge dual in the Lagrangian is defined in terms of the metric and a constant tensor ǫ µνρσ :
We normalize the constant tensor as ǫ 0123 = +1 and its contravariant tensor as ǫ 0123 = −1 in a generic curved spacetime.
If all the flux charges were zero, the internal space G 2 /SU (3) would be reduced to a CalabiYau three-fold. In this situation the covariant derivatives would also be reduced to the ordinary derivatives and the scalar potential would become trivially zero. Hence the system would be reduced to an ungauged supergravity.
AdS black hole solutions
In this section we analyze black hole solutions. It is tough to solve the equations of motion (2.5) without appropriate ansätze. In order to facilitate solving the equations of motion in a gauge covariant way, we introduce the covariantly constant condition. Furthermore, we focus on extremal, static, possibly charged black holes. Thus the static metric ansatz and electromagnetic charges are incorporated. We solve the Einstein equation under the static metric ansatz. We recognize that scalar fields are constant under the covariantly constant condition. Finally we investigate possible values of the black hole charges.
Covariantly constant solution
Here we consider an appropriate condition to solve the equations of motion (2.5). The simplest condition is the constant condition imposed on all the fields. However, owing to the form of the covariant derivatives (2.3c), the constant condition breaks the gauge invariance of the equations of motion. In order to preserve the gauge invariance, we have to introduce an alternative condition. Since all the terms in (2.5) are given in the gauge covariant way, the covariantly constant condition seems to be a suitable condition. As illustrated later, this condition indeed plays a powerful role in the analysis.
The covariantly constant condition is introduced as follows:
To simplify the equations, we also impose that the B-field is closed:
The field equation for the gauge fields is reminiscent of the one in ungauged supergravity derived from Calabi-Yau compactification, whilst the field equations for the scalar fields and the B-field remain non-trivial.
Metric ansatz and electromagnetic charges
Next we introduce a metric ansatz. Since we would like to find an AdS black hole solution, we have to introduce the asymptotically AdS spacetime metric. For simplicity we focus only on the extremal, static, spherically symmetric black hole whose metric can be given as
We define electromagnetic charges (p Λ , q Λ ) of the system in terms of the gauge field strengths:
Since all the interaction terms in (2.5b) vanish because of the covariantly constant condition (3.1), each component of the gauge field strength can be easily evaluated:
The energy momentum tensor of the gauge fields in the Einstein equation (2.5a) is evaluated:
By virtue of the description (3.4), the energy momentum tensor is recast as the first symplectic invariant:
The symplectic invariant I 1 also appears in the equation of motion for the vector modulus t (2.5c):
Utilizing (3.1), (3.2) and (3.5), we reduce the equations of motion (2.5) to
Here the prime denotes the derivative with respect to the radial coordinate r. The scalar potentials V NS and V R in (3.6e) are defined in [9] .
Evaluation of the metric
Next task is to solve the equations (3.6). The difference between (3.6a) and (3.6b) gives rise to the differential equation for the scale function C(r):
The solution has two integration constants c 1 and c 2 :
Substituting this into the equation (3.6c), we obtain the differential equation for the scale function A(r). Its solution is given in terms of integration constants a 1 and a 2 as follows:
The equation (3.6a) yields the relation among three integration constants in (3.7b) and (3.8a):
This implies that the integration constants are restricted such that c 1 is non-zero, a 2 is positive and c 2 is finite. Substituting (3.8b) into (3.8a), we obtain a familiar form:
Without loss of generality, we can fix the integration constants c 1 = 1 and c 2 = 0. It is worth re-defining the radial coordinate as r ≡ r + 1. Substituting (3.7b) and (3.8c) into (3.2), we rewrite the line element of the four-dimensional spacetime:
We can read the various parameters in V ( r): the first term in the right-hand side represents the scalar curvature of the horizon; a 1 , I 1 and V are interpreted as the black hole mass parameter η, the square of the black hole charges, and the cosmological constant Λ, respectively.
Evaluation of the matter fields and the scalar potential
Our next task is to analyze the equations of motion for matter fields (3.6d), (3.6e), and (3.6g).
Since we imposed the covariantly constant condition (3.1), the vector modulus t does not depend on any spacetime coordinates. Then the symplectic invariant I 1 is also independent of the spacetime coordinates. This indicates that the derivatives ∂I 1 /∂t and ∂V /∂t should be zero independently 1 :
Apart from the evaluation of ∂I 1 /∂t = 0, the other equations correspond to the field equations of the vacua. Hence, as illustrated in (A.2a), (A.2b) and (A.2c), the scalar fields and the scalar potential (ϕ, ξ 0 , V ) except for ξ 0 are determined:
.
(3.11)
Black hole charges
Here we analyze the black hole charges (p Λ , q Λ ) defined in (3.3). They satisfy the equations of motion for t, B µν and the covariantly constant condition for ξ 0 . They are described as follows:
First let us focus on (3.12c). Performing the commutator of the ordinary derivative acting on ξ 0 , we obtain a non-trivial equation for the field strength:
This equation implies that F 1 µν vanishes because the flux charge e 10 is non-zero. Applying this to (3.4), we obtain the following two equations:
These two denote the condition among the charges:
Owing to (3.14) , the field equation (3.12b) is reduced to
which generates two following relations:
Due to (3.17a), the charge q 0 is related to the other electric charge q 1 via (3.15b):
Furthermore, substituting (3.17a) and (3.18) into (3.17b) and multiplying (µ −1 ) 11 /e R0 , we find an equation for the charge q 0 :
where we used symmetry on the period matrix (
terms of the explicit forms (A.1) with t ≡ x + iy, we obtain the followings:
Substituting them into (3.19), we evaluate the value of q 0 on each solution of (3.11):
This indicates that the black hole charge q 0 must be zero because any flux charge parameters (e 10 , e R0 , m 0 R ) are non-zero. This result with (3.15a), (3.17a) and (3.18) makes all the black hole charges vanish (3.11):
This configuration automatically satisfies the equation (3.12a).
Here let us elucidate the configuration of the gauge potentials and the B-field under the covariantly constant condition (3.1). Since m 1 R and F 1 µν vanish, the gauge potential A 1 µ is given as Here M is the black hole physical mass corresponding to the black hole mass parameter η = a 1 if topology of the horizon is two-sphere (see, for instance, [12] ). Since each solution has no black hole charges, the BPS equation is satisfied if and only if the mass parameter vanishes. This represents the AdS vacuum itself. Hence our black hole solutions with the non-vanishing mass parameter are non-supersymmetric.
Summary and discussions
In this paper we studied N = 2 abelian gauged supergravity with B-field via geometric flux compactification of type IIA theory. First we illustrated the profile of the compactification on the nearly-Kähler coset space G 2 /SU (3). Next, we introduced the covariantly constant condition on all the scalar fields. This simplifies the equations of motion for all the bosonic fields. We further restricted ourselves to study the extremal, static, spherically symmetric black holes in the asymptotically AdS spacetime. It turns out that the scalar fields (t, ξ 0 , ϕ) remain constant, whilst the other scalar field ξ 0 is arbitrary. The value of the scalar potential V is interpreted as the cosmological constant. The symplectic invariant I 1 is regarded as the square of the black hole charges. It also turns out that the covariantly constant condition forces the charges to be zero. In addition, we found that the integration constant a 1 behaves as the black hole mass parameter. This value is not affected by any flux charges and gauge fields. Eventually we obtained Schwarzschild-AdS black hole solutions with arbitrary mass parameter. We recognized that the black hole solutions are always non-supersymmetric irrespective of the supersymmetry of the vacua, because the BPS equation is satisfied if and only if the mass parameter vanishes. In the absence of the magnetic RR-flux charge parameters except for the Romans' mass, the gauge field A 1 µ in the vector multiplet is trivial up to the gauge transformation. On the other hand, the graviphoton A 0 µ and the B-field are closely related to each other via the Romans' mass parameter under the gauge transformation and the local symmetry of the B-field. Since they are also asymptotically connected to the values in the vacuum, their values in the bulk are also trivial up to the gauge transformations. This phenomenon is different from the one in ungauged supergravity derived from a Calabi-Yau compactification with D-branes. In that case one can find an extremal black hole solution with constant scalar fields. There all the physical values such as the mass parameter and the constant scalars are determined by the D-brane charges.
This work convinces us that non-constant fields will be necessary to build a charged AdS black hole solution. More precisely, the covariantly constant condition (3.1) must be relaxed in order to see a charged AdS black hole. The electromagnetic charges are defined by the gauge field strength descended from RR-fluxes. In our analysis, the dynamics of charged particles are turned off caused by the covariantly constant condition. Technically it is difficult to relax the covariantly constant condition for the whole fields (3.1), whilst it might be interesting if a part of the condition is relaxed. For instance, relaxing the closed condition of the B-field (3.1b) non-trivially modifies the field equation for the dilaton (3.6e), even under the covariantly constant condition for the scalar fields (3.1a). This deformation would provide different values of the scalar fields on the black hole solution from their vacuum expectation values. Thus it is quite interesting to import the technologies in [15] [16] [17] to our system. Introducing D-branes wrapped on (subspaces of) the internal space [30] would be an admissible procedure to construct a charged black hole in flux compactification scenarios. If D-branes are appropriately wrapped on certain cycles in the internal space, they would behave as charged particles. Different from the case of Calabi-Yau compactifications with D-branes, such the charged particles indeed interact with each other in gauged supergravity. This implies that the interaction terms in the equations of motion for gauge fields have to be turned on. Hence the covariantly constant condition must be removed.
Here let us briefly summarize the profile of the compactification on the coset space G 2 /SU (3). The explicit form of the period matrix N ΛΣ given by the prepotential (2.2) is ν ΛΣ (t, t) ≡ ReN ΛΣ = I(t + t) 4 (t + t) 2 −3(t + t) −3(t + t) 12 , (A.1a)
µ ΛΣ (t, t) ≡ ImN ΛΣ = − iI(t − t) 4 t 2 + 4tt + t 2 −3(t + t) −3(t + t) 6 . (A.1b)
There are three AdS vacua of the system (2.3) studied in [29] : It turns out that the Romans' mass parameter m 0 R must be positive in order that the exponential value of the dilaton. It is recognized that the vacuum given by (A.2a) has N = 1 supersymmetry, whilst the other two vacua described by (A.2b) and (A.2c) are non-supersymmetric [29] . Notice that the scalar field ξ 0 is not fixed because this does not contribute to the scalar potential.
If one goes back to a Calabi-Yau compactification, one has to take the vanishing limit of m 0 R , e R0 and e 10 , whilst their power orders are different: O(m R0 ) = O(m 0 R ) and O(e 10 ) = O((e R0 ) 3 ). Under this limit the scalar potential is driven to zero, even though the scalars t and ξ 0 are finite.
